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INTRODUCTION 
The probability of detection (POD) plays an integral role in the management of the 
lives of structural components. A number of methodologies exist for determining the POD 
[1]. These have been used with great success in the assessment of the detectability of 
surface-breaking defects such as low cycle fatigue cracks. However, a few, highly visible 
accidents have been caused by the rupture of rotating components of commercial jet 
engines due to cracks initiating from naturally occurring, internal inclusions. Difficulties 
have been encountered in applying existent methodologies to determine the POD of such 
defects for reasons such as the inability to prepare samples containing known defects which 
reasonably simulate naturally-occurring hard-alpha inclusions. This paper provides an 
overview of a new methodology that has been developed to overcome these difficulties [2-
4]. The methodology also provides the advantage of providing a quantitative determination 
of the probability of false alarms (PF A), which quantify an important aspect of the 
economic costs of an inspection. 
BASIC APPROACH 
The philosophy of the approach follows the principles of statistical detection theory, 
in which one infers both POD and PFA from distributions of signal and noise. As is 
schematically indicated in Figure 1, three major sources of variability are considered in the 
context of the automatic inspection of aircraft engine billet material. These are associated 
with microstructural effects, instrumentation and scanning procedures, and flaw 
morphology. 
Because of the difficulties in fabricating samples, a key element of the methodology 
is the use of physical models which simulate results of the inspection process. This 
approach allows one to extract the maximum amount of information from limited 
measurements on synthetic and naturally occurring flaws and provides a basis for 
considering the effects of changing inspection parameters and part geometry on POD, 
producing what has been referred to as a "portable POD" capability. 
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Figure 1 General strategy of POD methodology. Shaded areas correspond to POD and 
PFA, as deduced from noise and signal distributions, for a particular threshold. 
The formal statistical details of the methodology have been reported in previous 
versions of these proceedings [2-4] and will not be repeated here. As noted above, the 
methodology incorporates physical models of the inspection process, and an important step 
is the validation of these model predictions. Detailed validations have been conducted for 
flat-bottom holes (FBH) and synthetic hard alpha inclusions (SHA) [5-7] and similar 
effects are in progress for naturally occurring defects [8,9]. 
The general steps in developing the methodology are outlined in Figure 2. 
Available input data are shown in the ellipses at the top and information about the 
inspection is shown in ellipses at the left. The first step is to consider beam-centered flaws 
(BCF), which provides a model for determining NDE capability or POD for a flaw centered 
in the focal region of the beam (as would occur after peaking the signal or for a scan plan 
having very close-spaced positions between adjacent transducer pulses). The lower part of 
the figure outlines steps required to extend the approach for coarser inspection-scan plans. 
This introduces the possibility of the flaw being substantially off of the beam center during 
a measurement. Today, those steps have been applied to flat-bottom holes and synthetic 
hard alpha inclusions. The physical model, which includes the possibility of the flaw being 
off center introduces the effects of instrumentation and scanning. 
Microstructural effects on the variability are described by the statistical model for e, the 
deviations between the model predictions and recorded signals. Flaw morphology 
variabilities will be determined by future work on field/production data. As indicated in 
the sketch at the bottom of Figure 1, the POD is then determined by the area under a 
portion of this distribution. The specific steps are as follows. 
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1. A physical model based on the theory of ultrasonic wave scattering provides 
predictions for typical or expected response measurements for a given set of 
conditions. 
2. Experimental data are used to compare the predictions of the model with actual 
recorded signals to determine the distribution of the deviations or residuals, 
which are represented by the symbol e. A statistical model is used to quantify 
deviations between the physical model predictions and actual NDE 
measurements. This model for the deviations describes sources of variability in 
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ultrasonic signals that have not been modeled and provides a framework for 
prediction ofPFA and POD. 
3. POD can be assessed for some specified ranges of inspection conditions, 
different materials, and different defect types. Limitations of the approach are 
determined by the breadth and adequacy of the physical model and of the 
statistical model for the deviations between signal and the predictions from the 
physical model. 
RESULTS 
Figure 3 presents a set of typical results produced by the methodology. Here, the 
detection of right circular cylinders of equal diameter and depth is considered. These are 
assumed to be embedded in a block of Ti-6AI-4V, with axes normal to the surface of the 
part, and inspected at normal incidence with a 10 MHz probe, focussed at a depth of I inch. 
The flaw size is measured in units of 1164 inch. The upper left plot shows the POD that 
would be expected when the scan increments (.::lx, .::ly) are very small, as is the depth range 
(Llz) captured by the gate. The next two plots show how the POD is degraded as the scan 
increment increases to 0.030" inches and 0.060". The plot in the lower righthand comer 
shows the effects of increasing the gate width so that 0.5" of material is sampled. 
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Figure 4 Relative operating characteristic curves for two of the cases shown in Figure 3. 
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Figure 6 Effect of signal-to-noise ratio on gated peak-to-peak signal distribution. 
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Figure 4 shows corresponding ROC (Relative Operating Characteristic) curves for two of 
these cases, indicating the trade-off that can be made between POD and PFA as threshold is 
varied. Here PFA was calculated in terms of a noise distribution, which was determined 
empirically. These two ROC plots clearly indicate the degradation in inspection 
performance associated with a scan plan which is too coarse. 
IMPROVED, PHYSICS-BASED MODELS FOR DISTRIBUTIONS 
The methodology, as described above, requires the empirical determination of 
distributions of noise and distributions of signal about a model-predicted, noise-free value. 
While an important step forward, it relies on the availability of samples containing a set of 
nominally identical reflectors for the latter operation. A further improvement would be the 
elimination of the need for such measurements. A basic strategy for such a methodology 
improvement has been defined and a number of the necessary tools have been developed 
and are being validated. Two examples of these tools, models which describe distributions 
of noise and of signal in the presence of noise are discussed below. 
Rather than determine the noise empirically it would be preferable to be able to 
predict the noise with a physics-based model in terms of some simple, microstructurally 
controlled parameters. Margetan et al. have demonstrated how this can be done. In 
essence, they argue that the distribution of gated peak-to-peak noise is given by the 
distribution of the maxima of N independent samples of an underlying distribution [10]. 
Figure 5 presents the results of a validation of this approach using data from a ring forging. 
Here, maximum likelihood techniques have been used to determine the number N and the 
parameters of the underlying distribution [11]. A histogram of the observed noise is shown 
in the upper left hand comer and the results of difference choices of the underlying 
distribution are shown in the remaining plots. It is seen that the very good fits are obtained 
using the lognormal, Weibell, K and Rayleigh distribution as the underlying distribution. 
Poorer results are obtained when the leV distribution is chosen. 
In the methodology for POD, three sources of signal variability are considered: 
microstructural effects, scan plan effects, and flaw morphology effects. Figure 6 illustrates 
a model-based treatment of the former, as has been presented by Yalda et al. As in the case 
of predicting the noise distribution, the model is based on the distribution of the maxima of 
N independent samples of an underlying distribution. However, rather than taking N 
samples from the same distribution, one of the samples is taken from a Rician distribution 
(to represent signal adding to noise) with the remaining being taken from a Rayleigh 
distribution (noise only). These predictions are in reasonable agreement with the 
distribution obtained when a known signal is added randomly to a series of noise 
waveforms, as represented by the discrete diamonds. This approach can be extended to 
treat the effects of scan plan through its influence on the signal strength. 
CONCLUSIONS 
A new methodology has been developed for determining the probability of 
detection. Motivated initially by problems associated with determining the POD of 
naturally occurring, internal inclusions in titanium alloys, the approach has been found to 
have a number of other advantages, including the determination ofPFA and the ability to 
describe the effects of changes in inspection parameters. Further developments of the 
approach are in progress. 
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